A thermal-optical transmittance carbon analyzer has been developed to determine particulate organic (OC) and elemental (EC) carbon. Several analysis factors affecting the sensitivity of OC and EC determination were investigated for the carbon analyzer. Although total carbon (TC) is usually consistent in the determination, OC and EC split is sensitive to adopted analysis protocol. In this study the maximum temperature in oxygen-free He in the analysis was examined as a main cause of the uncertainty. Prior to the sensitivity analysis consistency in OC-EC determination of the carbon analyzer and the uniformity of carbonaceous aerosol loading on a sampled filter were checked to be in acceptable range. EC/TC ratios were slightly decreased with increasing the maximum temperature between 550-800 o C. For the increase of maximum temperature from 500 o C to 800 o C, the EC/TC ratio was lowered by 4.65-5.61% for TC loading of 13-44 μg/cm 2 with more decrease at higher loading. OC and EC determination was not influenced by trace amount of oxygen in pure He (>99.999%), which is typically used in OC and EC analysis. The facing of sample loaded surface to incident laser beam showed negligible influence in the OC-EC split, but it caused elevated PC fraction in OC for forward facing relative to backward facing.
Introduction
As a major component of atmospheric particulate matter (PM), carbonaceous material plays important roles in visibility (NRC, 1993; U.S. EPA, 1996) , radiative forcing (IPCC, 1995; NRC, 1996) , and adverse human health effects of PM (U.S. EPA, 1996) . Aerosol carbon present in the form of organic It is necessary to quantitatively measure the carbon species to investigate its environmental impacts.
Analytical methods that fractionate particulate carbon into OC and EC are widely used in aerosol studies. In the analysis it is frequently assumed that carbonate carbon is negligible.
Solvent extraction, thermal (e.g., selective volatilization), and optical (i.e., visible light attenuation) methods have been used to measure OC and EC (Arnott et al., 1999; Horvath, 1993; Lim et al., 2003; Turpin et al., 2000) . Two general operational definitions of OC and EC exist: 1) OC combines with oxygen, hydrogen, and other elements, and therefore volatilizes and decomposes upon heating in an oxygen-free environment, and EC is an agglomerate of primarily carbon atoms that only combusts in the presence of oxygen; or 2) elemental carbon comprises all visible-light absorbing carbon. Currently, thermaloptical methods are most widely used to measure OC and EC (Birch and Cary, 1996; Chow et al., 2001; Chow et al., 2004) . In the methods carbon volatilized Pyrolysis reduces the intensity of light after heating the filter and the intensity increases again as EC is removed. PC is estimated as the amount of carbon evolved between the start of adding oxygen and time to regain the optical intensity of pre-pyrolysis level.
The quantity is added to OC in the particulate OC and EC determination.
Comparing to clear definition of organic (OC) and elemental carbon (EC), it is very difficult to practically fractionate them. OC and EC data are largely dependent on analysis protocols (Chow et al., 2001 (Chow et al., , 2004 Cavalli et al., 2010; Zhi et al., 2011) .
According to Chow et al. (2001) found a large discrepancy in OC and EC data between two most widely used NIOSH and IMPROVE methods, more than 2 times higher EC was occasionally reported for IMPROVE method relative to NIOSH method. In the previous studies, the maximum temperature in oxygen-free mode, catalytic activities of metal oxides, and light properties of transmittance and reflectance were pointed out as possible causes of the sensitivity of OC-EC split. Various OC and EC analysis protocols have been developed to understand and to minimize the discrepancies (Cavalli et al., 2010; Zhi et al., 2011) . Cavalli et al. (2010) 
OC-EC Analysis Protocol
IMPROVE and NIOSH OC-EC protocols are 2 most widely used ones. Many variations such as EU protocols are based on those protocols. For this study we developed an OC and EC protocol through literature review as shown in Table 1 . It is similar to a protocol of University of Hong Kong Science and Technology that is a combination of IMPROVE and NIOSH (Yang and Yu, 2002 Step Temperature steps are determined to help understanding sensitivity of OC-EC determination to the maximum temperature of He, which is the most critical issue in the sensitivity (Cavalli et al., 2010; Chow et al, 2007) . At the later part of analysis calibration gas Carbonate carbon was not separately determined based on previous findings that it is minimal in ambient particles (Nunes and Pio, 1993; Ohta et al., 1998) . Contribution of any measurable carbonate carbon is likely to depend on the maximum temperature in He due to the decomposition temperature of carbonate compounds (Birch and Cary, 1996; Cavalli et al, 2010 Table 2 . Uniformity of OC and EC loadings for 2 quartz fiber filters (QFF) analyzed by KNU protocols
Results and Discussion

Uniformity of Carbonaceous Aerosol Loading
One of main focus of this work is the maximum temperature in He that has been pointed out as the principal cause of uncertainty in OC-EC determination.
Three filters with differences in carbonaceous particle loadings were used in the examination. It is necessary to use many aliquots per sampled filter with same OC and EC loadings to properly compare analysis protocols. The uniformity of particle loadings was tested before investigating the maximum temperature in He. Pairs of punches from several different positions of a sampled filter were used for the examination.
Two or three punches were taken at 3 different positions in a filter. The paired aliquots at a location were punched as close as possible to each other. Table 2 shows OC and EC data for the examination of particle loading uniformity. of mean OC and EC is 3.7 and 8.6%, respectively. PC and TC were also in good agreements as shown in Table 2 .
For OC, the CVs are in the lower end of CV ranging 3.7-11.3% for Kosan samples of ACE-Asia and urban samples of the United States (Schauer et al., 2003) . For EC, the CVs are substantially lower than Schauer el al.'s ranging 12.8-21.1%. Note that data of Schauer et al. are results of analyses by 8 laboratories participated in ACE-Asia using Sunset laboratory carbon analyzer and ACE-Asia protocol. Reportedly, their uncertainty for OC is in good agreement with the instrument reported uncertainty, whereas their uncertainty in EC is substantially deviated from the instrument reported uncertainty. Excellent CVs in both OC and EC determinations of this study are indicatives of not only consistency in OC-EC analysis using newly developed KNU carbon analyzer but also good uniformity of carbonaceous particle loadings. It verifies that reliable comparison of OC-EC analysis protocols can be made using the sampled filters. Table 5 . OC and EC determined with particle loaded side of a quartz filter facing forward and backward to incident laser beam (Schauer et al., 2003) . (Chow et al., 2001 ). Difference in light absorption cross sections of PC and EC (Boparai et al., 2008; Yang and Yu, 2002) might be also involved in the discrepancy. We need more effort to clearly understand and minimize the phenomena in the future. 
Conclusion
New TOT carbon analyzer has been developed for the analysis of particulate OC and EC in the atmosphere. 
